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[57] ABSTRACI‘ 
A semiconductor memory device has a sense ampli?er 
which is constructed with a level shift circuit having an 
input which senses the change in a data line from an 
initial precharged level to a level near the vicinity of the 
supply voltage level which corresponds to data reading 
amounts from a memory cell during the reading mode 
of operation of the memory. The level shift circuit, in 
response to a memory cell reading signals, provides a 
level shifted output to the input terminal of a differential 
sense ampli?er circuit, the level shifted output being in 
the vicinity of the operating point of the differential 
sense ampli?er circuit. The level shift circuit includes a 
current ampli?er having an output terminal that is 
formed with a series connecting node of a current am 
plifying transistor and a current source. 

89 Claims, 17 Drawing Sheets 
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HIGH SPEED SENSOR SYSTEM USING A LEVEL 
SHIFI‘ CIRCUIT 

BACKGROUND OF THE INVENTION 

This invention relates to a semiconductor device, and 
more particularly, to a sensing ampli?er driving system, 
for example, techniques for providing the reading oper 
ation of SRAM (static random access memory) at high 
speed and low power-consumption, whereby a bit line 
and a common data line are precharged to a desired 
level. 

In the conventional manner, one bit line of a comple 
mentary pair of bit lines is supplied with a power supply 
voltage, the other bit line is supplied with the ground 
potential of a circuit; each line is charged, and then the 
complementary bit lines are short-circuited to pre 
charge both bit lines to the intermediate level by effect~ 
ing a re-distribution of charges. Such techniques are 
found in the speci?cations of US Ser. No. 860411, US. 
Ser. No. 943063, ?led Dec. 18, 1986, and US. Ser. No. 
60334. 1 

However, the above precharging system of bit and 
common data lines requires two operational steps, that 
is, the operation to charge the complementary bit lines 
to the power supply voltage and the ground potential, 
respectively, and the succeeding operation to short-cir 
cuit the complementary bit lines. Moreover, in the pre 
charging period, a waiting time for selection of word 
lines to write data is necessary so as to prevent writing 
error data into a memory cell. Therefore, not only is the 
timing for reading data complex, but there is a limitation 
of high-speed data read-out because of a longer access 
time. Such disadvantages are made clear by a careful 
reading of the present invention and as it relates to the 
disclosed embodiments. 
For more high-speed operation, the speci?cation of 

co-pending U.S. Ser. No. 148432, ?led Jan. 26, 1988, 
describes another precharging system, where a pair of 
bit lines are precharged to the power supply voltage, 
and a pair of common data lines are precharged to the 
ground potential. In this system, however, the voltage 
of the common data lines changes from the ground 
voltage, so it is clear that data is dif?cult to be read with 
high speed. Japanese Patent Laid-open No. 63-58697 
(published on the 14th of March, 1988) describes the 
system to select a common data line voltage using the 
voltage divided by resistors. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide 
semiconductor memory having a sensing ampli?er and 
a driver that can perform the data read-out operation at 
high-speed and low power consumption. More particu 
larly, the object of the invention is to supply a level shift 
circuit applicable to the sensing ampli?er driving sys 
tem of a semiconductor memory. 
Such objects and inventive features will be clear with 

the description of the speci?cation and the attached 
drawings. 

Outline of the representative embodiments disclosed 
in the present invention is described as the following. 
The semiconductor memory according to the present 

invention has a level shift circuit that shifts a read-out 
signal of a memory cell to the level near the operational 
point of the sensing ampli?er so as to supply the signal 
to the input terminal of the sensing ampli?er. 
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2 
The level shift circuit includes a current ampli?er, the 

output terminal of which is the series connecting node 
of a current amplifying transistor and a power supply, 
and in which a change in a voltage of the output termi 
nal depends on the input voltage of the current amplify 
ing transistor. The level shift circuit also includes a 
power switch that opens a direct-current circuit accord 
ing to the activation of the sensing ampli?er. 

Furthermore, the level shift circuit includes a pair of 
current ampli?ers, the output terminal of which is the 
series connecting node of a current amplifying transis 
tor and a power supply, and which a change in voltage 
of the output terminal depends on the input voltage of 
the current amplifying transistor; the output terminal of 
each current ampli?er is connected to a respective tran 
sistor load having a different conductivity type from 
that of the above mentioned current amplifying transis 
tor; and the control terminal of one transistor load is 
connected to the control terminal and output terminal 
of the other current ampli?er. In this case, current 
sources included in the above pair of current ampli?ers 
can be constructed with a current mirror circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of an embodiment of the 
SRAM according to the present invention. 
FIG. 2 illustrates timing charts to explain the data 

read-out operation of the SRAM shown in FIG. 1. 
FIG. 3 is an example of a level shift circuit that can 

magnify and output complementary changes of an input 
voltage. 
FIG. 4 illustrates the relation between an input and an 

output of the level shift circuit shown in FIG. 3. 
FIG. 5 is a block diagram of an embodiment of a 

clocked-static RAM to which the circuit of FIG. 1 is 
applied. 
FIG. 6 is a circuit diagram of an embodiment of the 

timing generation circuit that is used for the clocked 
static RAM of FIG. 5. 
FIG. 7 illustrates the timing of the clocked-static 

RAM shown in FIG. 5. 
FIG. 8 is a circuit diagram of another embodiment of 

the sensor-ampli?er of the circuit shown in FIG. 5. 
FIG. 9 is a circuit diagram of another embodiment of 

the sensor-ampli?er shown in FIG. 5. 
FIG. 10 is a circuit diagram of still another embodi 

ment of the sensing circuit shown in FIG. 9. 
FIG. 11 is a block diagram showing the entire 2-port 

RAM to which the inventive circuit of FIG. 1 is ap 
plied. 
FIG. 12 is a circuit diagram illustrating the essential 

part from the read-out to writing system of the 2-port 
RAM memory cell shown in FIG. 1. 
FIG. 13 illustrates an example of an address buffer. 
FIG. 14 illustrates an example of an address decoder. 
FIG. 15 illustrates an example of a word driver. 
FIG. 16 illustrates an example of a writing data 

driver. 
FIG. 17 illustrates an example of a circuit to detect 

the address coincidence. 
FIG. 18 illustrates timing charts to explain an exam 

ple of reading and writing operation'when the writing 
address is not conforming to the reading one. 
FIG. 19 illustrates timing charts, in which the reading 

and writing operation is done at the same time. 
FIG. 20 and FIG. 21 are circuit diagrams of an exam 

ple of the memory cell construction, in which the con 
ductive types of MOS transistors are different from 
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each other for each case of constructing the writing or 
reading transfer gate. 
FIG. 22 illustrates another embodiment of the trans 

mitting means in a circuit diagram. 
FIG. 23 is a circuit diagram of an example of a mem 

ory cell that can be used for a 3-port RAM. 
FIG. 24 shows an example of the address-coincidence 

detecting circuit constructed with the memory cells 
shown in FIG. 23 in a 3-port RAM. 
FIG. 25 shows in circuit diagram another embodi 

ment of the word-line construction shown in FIG. 5 and 
FIG. 11. 
FIG. 26 shows in circuit diagram another embodi 

ment of the common data line construction shown in 
FIG. 5 and FIG. 11. 
FIG. 27 shows in circuit diagram an embodiment of a 

bus receiver and a bus driver using signal transmitting 
system according to the invention. 
FIG. 28 illustrates signal waveforms of the embodi 

ments of a bus driver and a bus receiver shown in FIG. 
27. ' 

FIG. 29 is a block diagram of an embodiment of a 
digital processing means using signal transmission sys 
tem according to the invention. 
FIG. 30 is a block diagram of another embodiment of 

a digital processing means using signal transmission 
system according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a circuit diagram illustrating an embodiment 
of a SRAM according to the present invention. 
The SRAM shown in the ?gure formed on a semicon 

ductor substrate by using the known MOS integrated 
circuit production technology is to be construed as 
exemplary only rather than limiting the invention 
thereto. 
The SRAM of this embodiment has a memory cell 

array forming a matrix with a plurality of static memory 
cells 1. The memory cell 1, although not limited thereto, 
is constructed with a ?ip-flop circuit, in which an input 
terminal and an output terminal of a pair of CMOS 
(complementary MOS) inverter circuits are cross-cow 
pled to each other, the inverter circuits being con 
structed with P-channel MOSFETs Q3, Q4 and N 
channel MOSFETs Q21, Q22 and is constructed with a 
pair of Nchannel selective or switching MOSFETs 
Q23, Q24, each having a source electrode connected to 
a respective output terminal of the above CMOS in 
verter circuits. The drain electrodes of the selective 
MOSFETs Q23, Q24 form both data input and output 
terminals of a memory cell MC, and their gate elec 
trodes form selective terminals of the memory cell MC. 
The data input and output terminals of the above 

memory cells MC are connected with individual pairs 
of data lines such as representative data line pairs DO, 
DO~Dn, D71- shown in FIG. 1 for the respective rows, 
and the selective terminals of the memory cell 1 are 
connected with word lines W0~Wm, respectively, the 
same word line for each line or row of the matrix. The 
predetermined one of the word lines W0~ Wm is driven 
to a selected level corresponding to a row address signal 
supplied externally, and the driving and control are 
done by a row address decoder and a word driver not 
shown in the ?gure. _ 
One end of the above pair of data lines D0, D0 is 

commonly connected to a pair of common data lines 
CD, 6 through CMOS transfer gates TGO, TGO’ 
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4 
which are constructed with N-channel MOSFETs Q25, 
Q26 and P-channel MOSFETs Q5, Q6 as column 
switching circuits. The fact is the same for the data lines 
Dn, E, which are commonly connected to a pair of 
common data lines CD, C_D through transfer gates 
TGn, TGn’. The CMOS transfer gates TGO, 
TGO' ~TGn, TGn’ selectively control for conduction a 
predetermined pair of bit lines in accordance with cus 
tom address signals sup$d externally, on a pair of 
common data lines CD, CD. To achieve this, column 
control signals CSW1~CSWn are generated as switch 
ing control signals by a column address decoder. 
__The other ends of the above pair of data lines D0, 
D0~Dn, Dn- are connected with drain electrodes of 
P-channel precharging MOSFETs Q1, Q2, the source 
electrodes of which are supplied with a power supply 
voltage Vdd. Precharging MOSFETs Q1, Q2 are 
switched and controlled by a precharging signal ¢p0 
that is supplied to its gate electrode. A low level of the 
precharging signal ¢p0 switches on each precharging 
MOSFET Q1 or Q2 and when the precharging MOS 
FETs Q1, Q2 are switched on, they charge the pair of 
common data lines CD, CD to approximately the power 
supply voltage level Vdd through the pair of data lines 
D0, D_(I~Dn, E and the CMOS transfer gates TGO, 
TGO’ ~TGn, TGn’, and therefor decreasing to the same 
level any potential difference generated on the pair of 
bit lines and the pair of common data lines CD, CD by 
the previous memory access. 
The pair of common data lines CD, CD are con 

nected with output terminals of a writing and amplify 
ing circuit WA and input terminals of a sensing ampli 
?er SA. 
The writing and amplifying cir_c1_1it WA drives the 

pair of common data lines CD, CD to predetermined 
complementary levels according to writing data DI that 
are supplied from a data input buffer not shown in the 
?gure. 
The sensing ampli?er SA includes a differential sens 

ing ampli?er circuit SC, which ampli?es a complemen 
tary potential difference, the minute level change being 
close to the power supply voltage Vdd as a precharging 
level; and the level chan_ge_ is generated on the pair of 
common data lines CD, CD by reading data of memory 
cells. The ?rst stage of the sensing ampli?er also in 
cludes a level which circuit LS which precedes the 
sending circuit SC, the former transforming or level 
shifting the minute level change close to the power 
supply voltage Vdd, generated on the pair of common 
data lines CD, 6 by reading memory cell data, to a 
level near the operational point of the circuit SC so as to 
have the highest sensitivity; the level shift circuit LS 
provides the level change to the input terminal of the 
circuit SC. 
The above sense ampli?er circuit SC which is exem 

plary only comprises a differential pair of N-channel 
input MOSFETs Q32, Q33, which are connected with 
the ground potential Vss through an N-channel power 
switch MOSFET Q34 as a current source which is 
connected by its drain electrode to the common source 
connected ends of Q32, Q33 and at its source electrode 
to ground. In the sensing circuit SC, each drain elec 
trode of the input MOSFETs Q32, Q33 is connected 
with drain electrodes of P-channel MOSFETs Q9, Q10 
that construct the loads of a current mirror circuit. The 
source electrodes of P-channel MOSFETs Q9 and Q10 
that construct the loads of the current mirror circuit are 
connected with the power supply voltage Vdd, and the 
















































